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a  b  s  t  r  a  c  t
The  aim  of this  study  was  to assess  the  effects  of  tilapia  cage  culture  on  the  water  quality  and  sediment
of  Palminhas  Lake  during  both  the dry and  rainy  seasons.  Eight  sites  within  the  lake  (four  in  ﬁsh  farms
and  four  in areas  without  ﬁsh  farms)  and  one  site on an  afﬂuent  stream  were  sampled  monthly  from
February  2011  to January  2012.  Dissolved  oxygen  and  pH  were  signiﬁcantly  lower  at ﬁsh  farm  sites  than
at  locations  without  farms,  while  chlorophyll  a was higher  at ﬁsh  farm  sites.  Moreover,  large  seasonal
variations  were  observed,  which  were  not  related  to the ﬁsh  farms.  The  Secchi  disc  depth  and  ammoniaeywords:
quaculture
hosphorus
hlorophyll a
nitrogen  level  were  signiﬁcantly  higher  during  the dry season,  but  temperature,  dissolved  oxygen,  pH,
total  phosphorus  and  chlorophyll  a were  signiﬁcantly  higher  during  the  rainy  season.  The  afﬂuent  stream
contributed  substantially  to  lake  eutrophication.  Palminhas  Lake  is  mesotrophic  and has  exhibited  a
progressive  worsening  in water  quality  over the past  20 years.  These  changes  were not  caused  by  ﬁsh
ly  by
ubliseasonal variation farming  alone  but probab
© 2015  The  Authors.  P
. Introduction
The use of natural and artiﬁcial lakes for farming Nile tilapia
Oreochromis niloticus) in cages has increased in tropical and sub-
ropical countries (Bueno et al., 2013). Several attributes make
ilapia interesting for aquaculture; these ﬁshes exhibit fast growth,
olerance for environmental changes, resistance to stress and dis-
ase and acceptance of natural or artiﬁcial feeds (El-Sayed, 2006).
he development of management techniques, research on nutrition
nd culture systems, market development and processing advances
ave all contributed to the rapid expansion of the tilapia industry. In
razil, Palminhas is a tropical lake that has been used for tilapia cul-
ure since 2005. This lake contains four tilapia farms with a volume
f 3,280 m3 and an estimated annual production of 710 t. Fish cul-
ure in this lake began without proper management, and changes
n water quality, as assessed by water transparency, color, odor and
avor, have been attributed to the presence of tilapia farms.
Tropical lakes are lentic systems with speciﬁc thermal stability.
pon the inﬂux of high nutrient loads derived from ﬁsh farm-
ng cages, these systems can become a favorable environment for
ncreasing the biomass of phytoplankton, which can change lim-
ological variables and trophic states (Guo et al., 2009; Wetzel
nd Likens, 2000). These alterations used to be attributed to the
∗ Corresponding author.
E-mail address: levy.gomes@uvv.br (L.C. Gomes).
ttp://dx.doi.org/10.1016/j.aqrep.2015.09.006
352-5134/© 2015 The Authors. Published by Elsevier B.V. This is an open access article 
/). other  anthropic  activities  in  the  areas  surrounding  the lake.
hed  by  Elsevier  B.V. This  is  an  open  access  article  under  the  CC  BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
incorporation of nitrogen and phosphorus, which limits primary
productivity in natural aquatic environments (Beveridge, 2008;
Wetzel, 2001). Thus, it is necessary to investigate the trophic states
of lentic ecosystems that are used for ﬁsh farming and the speciﬁc
effects of ﬁsh farming on the limnological parameters of studied
lakes. The objective of this paper was to assess the effects of tilapia
caged culture on water quality and sediment of a tropical lake dur-
ing both the dry and rainy seasons.
2. Materials and methods
2.1. Study area
Palminhas Lake (19◦25′31′′S and 40◦14′58′′W 01; Fig. 1) is part
of the lagoon complex of the lower Doce River, which is composed
of more than 60 other lakes and lagoons, within a region character-
ized by the Barriers formation. The lake comprises approximately
1,100 ha, has a maximum depth of 24 m,  and is dendritically shaped,
with numerous “ﬁngers” (Esteves et al., 1995). The water is supplied
from small tributaries and by rainwater, and the water outlets are
composed of channels that ﬂow into the Doce River.
The shoreline of Palminhas Lake is used for commercial, residen-
tial and recreational purposes by both individuals and collectives,
and a small portion of native forest is still preserved. Commer-
cial activities include grazing, forestry, and rubber tree, coffee and
banana plantations. The lake contains four caged ﬁsh farms that
have produced tilapia since 2005. The volume of the ﬁsh farms
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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Table  1
Environmental parameters, yield and N and P inputs to the environment of four ﬁsh farms monitored in Palminhas Lake, Linhares, ES, Brazil. FF—ﬁsh farm; TVC—total volume
of  cages (total useful volume of the cages of each ﬁsh farm); FCR—feed conversion rate.
FF Depth (m)
Min–max
Water ﬂux (m s−1)
Min–max
TVC
(m3)
Yield
(t/year)
FCR N-inputa
(kg/year)
P-inputa
(kg/year)
FF1 7.5–11.8 0–0.16 540 132 1.65 838 180
FF2  15.5–19.2 0–0.57 1,176 288 1.52 1,686 361
FF3  15.4–18.15 0–0.71 900 118 1.60 727 156
FF4  18.0–21.3 0–0.40 664 170 1.55 1,015 218
a To calculate N and P inputs to the environment, the following parameters were assum
information) and (2) the N and P content from feed released into the environment was 77
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pig. 1. The study area showing Palminhas Lake, the sampled sites and the Doce River
n  Linhares, ES (Brazil). The black dots indicate the locations of the monitored ﬁsh
arms and the gray dots indicate the monitored sites without ﬁsh farming. IS = inlet
tream.
anges between 540 and 1,176 m3, with an estimated annual pro-
uction of approximately 710 t and a food conversion ratio of
pproximately 1.6. The maximum depths for the four ﬁsh farms
uring the dry and rainy seasons, their production capacity, the
otal useful volume of the cages and average feed conversion were
easured during the monitoring period (Table 1).
.2. Sampling
Eight sites within the lake (four in ﬁsh farms and four in areas
ithout ﬁsh farms) were sampled monthly from February 2011 to
anuary 2012 (Fig. 1). The sites without ﬁsh farming were intended
o be representative of the entire lake and were chosen based on
nvironmental characteristics, such as the presence of forest, fewer
uman activities on the shore, water movement, and depth, which
ere different from the sites with ﬁsh farms.
We  also sampled a site on a stream that supplies Palminhas
ake. This location was sampled monthly to monitor the incidence
f allochthonous nutrient inputs and other parameters, for which
he impact of ﬁsh farms was measured in limnological variables.
ediment samples were also collected at each monitored site for
nalysis of organic matter and total phosphorus; samples were
aken in triplicate using a Petersen dredge. The material was  placed
nto a pan, mixed and then divided into two samples of approxi-
ately 200 mL  each, one for the analysis of organic matter and the
ther for the analysis of total phosphorus.
.3. Analysis.3.1. Limnological parameters
The Secchi disk depth, dissolved oxygen, temperature, hydrogen
otential (pH) and electrical conductivity were measured in situ ated: (1) the N and P content in the feed was 5 and 1%, respectively (manufacturer
 and 82.5%, respectively (Beveridge, 2008).
each sampling site. Electrical conductivity was measured using a
multiparametric device (Horiba U52G) at both the surface (to 1 m
depth) and the bottom (at 1 m above the sediment). Two samples of
surface water were also collected using a 2-L Van Dorn bottle for the
analysis of total phosphorus, orthophosphate, ammonia nitrogen,
biochemical oxygen demand (BOD5) and chlorophyll a.
The total phosphorus and orthophosphate levels were ana-
lyzed using the ascorbic acid method, with previous persulfate
digestion treatment in an autoclave for total phosphorus and pre-
ﬁltered samples for orthophosphate. Chlorophyll a was analyzed
using the acetone extraction method. The ammonia nitrogen levels
were analyzed using the phenate method, and BOD5 was  ana-
lyzed by incubation at 20 ◦C for 5 days. A test was  performed
using a NIST-traceable standard to assess the accuracy of the
total phosphorus results (expected result CV = 8%). The methods
for the preparation of glassware for the collection and stor-
age of the water samples are described in section 1060 from
APHA (1998). All parameters were analyzed as described in APHA
(1998).
2.3.2. Calculation of the trophic state index
The trophic state index (TSI) was  calculated as described by
Carlson (1977) with modiﬁcations for the tropical environments
as previously proposed by Toledo Junior et al. (1983). This cal-
culation includes orthophosphate as a parameter and included
some calibrations into the calculations to better describe tropi-
cal environments. The TSI of each parameter (total phosphorus,
orthophosphate, chlorophyll a and Secchi transparency) was cal-
culated for each sampling site every month. At the end of the
study period, the TSI values were averaged to evaluate the spe-
ciﬁc conditions for each season. The classiﬁcation proposed by
Toledo Junior et al. (1983) is designated as follows: Ultraolig-
otrophic TSI < 24; Oligotrophic TSI from 24.1 to 44; Mesotrophic TSI
from 44.1 to 54; Eutrophic TSI from 54.1 to 74; and Hypereutrophic
TSI > 74.
2.3.3. Mapping the distribution of total phosphorus and
chlorophyll a
The annual average total phosphorus and chlorophyll a values
for the study sites were compiled and processed into a Geographic
Information System (GIS), ArcGIS, previously supplied with an
image obtained from Ortofotomosaico of Espírito Santo, Brazil,
acquired from the State Environment and Water Resources Insti-
tute. The Ortofotomosaico image is a digital cartographic product
on a scale of 1:15,000 PEC “A” 1, with a spatial resolution of
1 m,  drawn from an aerophotogrammetrical survey with a scale of
1:35,000 that was generated in May/June 2008. The image is a com-
posite of approximately 540 blocks of pictures that cover squares
of 100 km2. To produce the maps and to interpolate the functional
data, images of the lake were scanned using ArcMap.2.3.4. Statistical analysis
The months corresponding to each season (rainy and dry) were
classiﬁed according to the average monthly rainfall between 1976
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Mig. 2. The physical and chemical parameters of the surface water of Palminhas Lak
nd 2011. These data were collected at the Linhares weather sta-
ion, approximately 50 km from the lake (Incaper, 2012). The dry
eason occurred from April to September 2011, and the rainy sea-
ons occurred from February to March 2011 and from October 2011
o January 2012.
All data obtained for all monitored parameters were tested
or normality and variables that were not normally distributed
ere transformed. The results were analyzed by two-way analysis
f variance followed by Tukey’s test (P < 0.05) using the follow-
ng factors: season (rainy and dry) and ﬁsh farm [presence (four
sh farms) and absence (four sites without the inﬂuence of ﬁsh
arms)]. Organic matter, dissolved phosphorus and phosphorus
rom the sediment did not exhibit a normal distribution even after
ransformation. Therefore, these results were analyzed using the
ann–Whitney test (P < 0.05). annual average values and standard deviations are shown within the ﬁgure as AA.
3. Results
3.1. Limnological parameters
The average surface pH in the lake was approximately 7 and was
relatively constant throughout the year; the lowest values occurred
in June and the highest in November and February. The average oxy-
gen concentration at the surface was greater than 5.0 mg  L−1 in all
of the samples except those taken in May  and June, when it was 4.8
and 4.4 mg  L−1, respectively. The dissolved oxygen levels at the bot-
tom of the lake were less than 5.0 mg  L−1 and the minimum values,
close to zero, occurred during the rainy season. The average tem-
perature was 27 ◦C at the surface and 25 ◦C at the bottom of the lake.
Temperature exhibited marked seasonal variation, with lower and
higher values during the winter (dry season) and summer (rainy
season), respectively. Similarly, the average electrical conductivity
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Table  2
Trophic state index (TSI) of Palminhas Lake. TSI calculation and classiﬁcation
were determined according to Toledo Junior et al. (1983). Transp—transparency,
Ort—orthophosphate, Total P–total phosphorus, Chl a–chlorophyll a.
Period Transp Ort Total P Chl a Final TSI Classiﬁcation
Dry season 38.6 61.3 42.4 51.4 49.8 Mesotrophic
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SRainy season 41.2 65.8 46.9 53.9 53.5 Mesotrophic
12  Months 39.9 63.6 44.7 52.6 51.7 Mesotrophic
as approximately 83 mS  cm−1 and 87 mS  cm−1 at the surface and
he bottom of the lake, respectively.
Variations in total phosphorus, orthophosphate, chlorophyll a,
ecchi disk depth, BOD5 and ammonia nitrogen parameters are pre-
ented in Fig. 2. The average total phosphorus was 0.03 mg  L−1,
ith higher values during the rainy months. Chlorophyll a was
2.2 g L−1. The mean values observed during the monitoring
eriod for total phosphorus, ammonia nitrogen, dissolved oxygen,
onductivity and pH parameters of the water from the afﬂuent
tream were 0.04 ± 0.03 mg  L−1, 0.1 ± 0.1 mg  L−1, 6.7 ± 1.2 mg  L−1,
8.9 ± 10.3 mg  L−1, 6.1 ± 0.3 mg  L−1, respectively.
.2. Trophic state index (TSI)
The lake was classiﬁed as mesotrophic based on the ﬁnal TSI of
1.7 (Table 2). Orthophosphate and chlorophyll a were higher than
he other parameters.
.3. Distribution of total phosphorus and chlorophyll a
Palminhas Lake exhibited large variations in total phosphorus
nd chlorophyll a concentrations, but these variables exhibited
imilar spatial behavior in the lake. The concentrations of total
hosphorus and chlorophyll a were higher in the northern part of
he lake, most notably in the “ﬁngers”. Two ﬁsh farms are located
ear the “ﬁngers”, and these sites exhibited the highest concentra-
ions of total phosphorus and chlorophyll a. The south-central part
f the lake exhibited lower concentrations of these variables, even
n ﬁsh farm sample sites. The spatial distributions of chlorophyll a
nd total phosphorus are illustrated in Fig. 3.
.4. Impact of ﬁsh farming on limnological parameters and
ediment
The physical and chemical parameters were not strongly
ffected by the presence of ﬁsh farms but exhibited strong seasonal
ariations (Table 3). The Secchi disc depth was signiﬁcantly higher
uring the dry season, while temperature, dissolved oxygen and pH
evels were signiﬁcantly higher during the rainy season. Moreover,
he pH and dissolved oxygen levels were signiﬁcantly lower at sites
ith ﬁsh farms.
The total phosphorus levels were inﬂuenced by season and by
he presence or absence of ﬁsh farms, with increased values dur-
ng the rainy season and at sites near ﬁsh farms. Chlorophyll a
evels were not inﬂuenced by season but were affected by ﬁsh
arming, with values ranging from 13 to 16 g L−1 and from 10.5
o 11.5 mg  L−1 at sites with or without ﬁsh farms, respectively.
he ammonia nitrogen levels were unaffected by the ﬁsh farms
ut were inﬂuenced by season, ranging from 0.01 to 0.45 mg  L−1
mean = 0.19–0.22 mg  L−1) during the dry season and from 0.02 to
.49 mg  L−1 (mean = 0.17–0.22 mg  L−1) during the rainy season.
The organic matter from the sediment at the ﬁsh farm sites
xhibited median values greater than those values found at control
ites during both seasons (farm sites: dry season = 5.62%, rainy sea-
on = 6.49%; control sites: dry season = 4.43%, rainy season = 1.60%).
imilarly, phosphorus levels at farm sites exhibited median valuesFig. 3. The spatial distribution of total phosphorus and chlorophyll a in the surface
water of Palminhas Lake. The results were derived from the average values of each
sampled site. The location of ﬁsh farms is indicated by black dots.
greater than those found at control sites during both seasons (farm
sites: dry season = 0.15 mg  g−1, rainy season = 0.49 mg  g−1; control
sites: dry season = 0.11 mg  g−1, rainy season = 0.25 mg  g−1). How-
ever, these differences were not statistically signiﬁcant, probably
due to the large data variability.
4. Discussion
Bozelli et al. (1992) reported the ﬁrst records of physical and
chemical data from Palminhas Lake. Our monitoring revealed a
four-fold decrease in the Secchi disk depths over the past 20
years (initially measured at 8.3 m)  as well as a 15-fold increase
in chlorophyll a (from 0.76 to 12 g L−1). These results suggest
that Palminhas Lake may  be in the process of eutrophication. The
156 G.P. Venturoti et al. / Aquaculture Reports 2 (2015) 152–157
Table 3
Physico-chemical parameters of the surface water of Palminhas Lake monitored monthly in situ for one year at sites with and without ﬁsh farming (n = 4 for each condition).
The  are presented as the mean values ± standard deviation. Dry season: April–September, rainy season: February–March and October–January, according Incaper (2012).
Transp—transparency, Temp—temperature, EC—electrical conductivity, DO—dissolved oxygen, TP—total phosphorus, Chl a—chlorophyll a, AN—ammonia nitrogen, FF—points
with  ﬁsh farming, Control—points without ﬁsh farming. Condition—presence or absence of ﬁsh farming, Season—dry or rainy season, Interaction–statistical results for the
interaction between condition and season.
Condition Season Transp(m) Temp(◦C) EC(S cm−1) DO(mg L−1) pH TP(mg L−1) Chl a(g L−1) AN(mg L−1)
FF Dry 2.3 ± 0.4 25.6 ± 1.5 87.6 ± 0.8 5.8 ± 1.7 6.7 ± 0.4 0.030 ± 0.015 13.2 ± 9.1 0.22 ± 0.13
Rainy  1.9 ± 0.4 28.6 ± 1.8 80.5 ± 13.9 6.8 ± 0.9 7.3 ± 0.6 0.042 ± 0.021 16.0 ± 5.6 0.19 ± 0.16
Control  Dry 2.4 ± 0.6 25.5 ± 1.5 86.2 ± 2.7 6.4 ± 1.7 6.9 ± 0.4 0.025 ± 0.011 11.5 ± 8.3 0.22 ± 0.14
Rainy  2.0 ± 0.3 28.7 ± 1.8 80.5 ± 15.5 7.3 ± 0.8 7.5 ± 0.5 0.037 ± 0.021 10.5 ± 7.0 0.17 ± 0.15
Two-way ANOVA
e
n
p
l
t
p
e
s
i
t
e
a
g
i
o
t
c
2
i
l
B
i
m
a
v
m
m
f
h
c
I
o
i
a
c
d
o
t
i
h
i
g
T
s
c
G
ICondition (P) 0.089 0.874 0.953 
Season (P) 0.000 <0.001 0.009 
Interaction (P) 0.775 0.932 0.655 
utrophication may  be due to ﬁsh culture or the input of exter-
al nutrients. The ﬁsh cultures with high production and without
roper management contribute a large amount of nutrients to the
ake, but there are several other anthropogenic activities around
he lake, including housing, recreation, and agricultural uses of
astures and ﬁelds that may  also contribute to the process of
utrophication. This hypothesis is supported by the results from the
tream that supplies Palminhas Lake; the total phosphorus values
n particular were greater in the stream than within the lake.
The mean values of dissolved oxygen, Secchi disk depth, pH and
otal phosphorus were consistent with results obtained by Santos
t al. (2010) and Leonardo et al. (2011) from other Brazilian lakes
nd reservoirs used for tilapia cage culture. Although dissolved oxy-
en levels might be a limiting factor for ﬁsh farming in some lakes,
n other areas, dissolved oxygen levels may  enable the development
f aquaculture.
Fish farming might increase the levels of available nutrients in
he lakes, resulting in disturbances in the ecosystem and modiﬁ-
ation of local dynamics, leading to eutrophication (Degefu et al.,
011; Wetzel, 2001). The high concentration of chlorophyll a found
n Palminhas Lake indicates that phosphorus is effectively mobi-
ized by phytoplankton in this lake, as previously suggested by
ehrenfeld and Boss (2006) and Offem et al. (2011). These results
ndicate that the lake needs to be monitored frequently by environ-
ental authorities. The construction of maps depicting phosphorus
nd chlorophyll a distributions is important to produce a spatial
iew of these substances and enable effective management. The
aps generated by this study represent a tool to assist in the deter-
ination of the most favorable sites for the installation of ﬁsh
arms.
The areas surrounding the ﬁsh farms in the “ﬁngers” of Palmin-
as Lake exhibited higher concentrations of phosphorus and
hlorophyll a than areas around ﬁsh farms installed in open areas.
nstalling ﬁsh farms close to the margins is advantageous, because
f the ease of land access and the possibility of having a support
nfrastructure near the farm. However, water and substrate quality
nd hydrometeorological (e.g., faster currents and greater depths)
haracteristics must be considered ﬁrst (Halide et al., 2009). Our
ata suggest that installing ﬁsh farms in the south central region
f the lake would decrease the extent of nutrients from ﬁsh farms
hat are stored in the lake. Considering these data is important for
mproving or maintaining the trophic level of the lake.
The season (dry or rainy) inﬂuences the water quality in Palmin-
as Lake. We  observed differences in all parameters monitored
n situ (Secchi disk depth, temperature, conductivity, dissolved oxy-
en and pH), as well as in total phosphorus and ammonia nitrogen.
he presence of ﬁsh farms affected dissolved oxygen levels (at the
urface and bottom), pH (at the surface), total phosphorus and
hlorophyll a. Similar results were observed by Guo and Li (2003),
omes et al. (2006), Degefu et al. (2011), Suhet and Schocken-
turrino (2013) in other tropical lakes used for ﬁsh farming. Sites0.001 0.016 0.039 0.004 0.235
0.002 <0.001 <0.001 0.678 0.001
0.208 0.600 0.906 0.132 0.930
with ﬁsh farms exhibited lower dissolved oxygen concentrations as
result of direct consumption by the biota, including farmed ﬁsh, and
the decomposition of leftover food and feces, which are deposited
on the bottom or remain in a colloidal form in the deeper regions
of the lake (Zanatta et al., 2010; Gondwe et al., 2012).
The increased phosphorus concentrations in the areas sur-
rounding ﬁsh farms are associated with the inclusion of those
nutrients within the feed and result in the increase in chloro-
phyll a concentrations. According to Beveridge (2008), only ∼17.4%
of phosphorus supplemented within ﬁsh feed is incorporated by
tilapia; the remaining phosphorus is lost to the environment,
particularly to the water and sediment. In Palminhas Lake, approxi-
mately 1.0 t/year of phosphorus is added to the environment by ﬁsh
farms (see Table 1). Other studies in tropical lakes used for caged
ﬁsh farming demonstrated the highest concentrations of phospho-
rus and chlorophyll a in areas with ﬁsh cages (Beveridge, 2008; Guo
and Li, 2003; Zanatta et al., 2010). Furthermore, one of the ﬁsh farms
in Palminhas Lake was  installed in a “ﬁnger” that has low levels
of circulating water and high concentrations of phosphorus, which
favors the proliferation of phytoplankton and increases chlorophyll
a levels in the water.
The water near the ﬁsh farms, particularly the one located in a
ﬁnger of the lake, had phosphorus concentrations up to the max-
imum limit permitted by Brazilian law, which are 0.03 mg  L−1 for
lentic and 0.05 mg  L−1 for lotic water bodies (CONAMA Resolution
no. 357/2005). This result reinforces the importance of establish-
ing more appropriate locations for the installation of ﬁsh farms and
improving production management practices. Palminhas Lake is
mesotrophic and has exhibited a decrease in water quality over the
past two decades. Thus, continuously monitoring water quality is
necessary.
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